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Abstract
Introduction Racial and ethnic disparities in rates of total joint
replacement have been described, but little work has been done
in well-established migrant groups. The aim of this study was to
compare the rates of primary joint replacement for osteoarthritis
for Italian and Greek migrants to Australia and Australian-born
individuals.
Methods Eligible participants (n = 39,023) aged 27 to 75
years, born in Italy, Greece, Australia and the United Kingdom,
were recruited for the Melbourne Collaborative Cohort Study
between 1990 and 1994. Primary hip and knee replacement for
osteoarthritis between 2001 and 2005 was determined by data
linkage to the Australian Orthopaedic Association National Joint
Replacement Registry.
Results Participants born in Italy and Greece had a lower rate
of primary joint replacement compared with those born in
Australia (hazard ratio [HR] 0.32, 95% confidence interval [CI]
0.26 to 0.39, P < 0.001), independent of age, gender, body
mass index, education level, and physical functioning. This lower
rate was observed for joint replacements performed in private
hospitals (HR 0.17, 95% CI 0.13 to 0.23), but not for joint
replacements performed in public hospitals (HR 0.96, 95% CI
0.72 to 1.29).
Conclusions People born in Italy and Greece had a lower rate
of primary joint replacement for osteoarthritis in this cohort study
compared with Australian-born people, which could not simply
be explained by factors such as education level, physical
functioning, and weight. Although differential access to health
care found in the population may explain the different rates of
joint replacement, it may be that social factors and preferences
regarding treatment or different rates of progression to end-
stage osteoarthritis in this population are important to ethnic
disparity.
Introduction
Total joint replacement has been recognized as a highly effica-
cious and cost-effective procedure for the treatment of
advanced hip and knee osteoarthritis (OA) in its capability to
relieve pain, increase mobility, and improve the quality of life
[1-3]. The majority of knee and hip replacements are per-
formed for OA [4]. Since OA is not a life-threatening disease,
AOA: Australian Orthopaedic Association; BMI: body mass index; CI: confidence interval; HR: hazard ratio; MCCS: Melbourne Collaborative Cohort 
Study; NJRR: National Joint Replacement Registry; OA: osteoarthritis.Arthritis Research & Therapy    Vol 11 No 3    Wang et al.
Page 2 of 8
(page number not for citation purposes)
total joint replacement is an elective option available to
patients for the purpose of improving their quality of life.
The racial and ethnic disparities in the rates of total joint
replacement have been well documented in the US, where
African-Americans and Hispanics have substantially lower
rates of hip and knee joint replacement compared with Cauca-
sians [5-10]. The origins of these disparities are complex. The
differences in the rates of total hip and knee replacement can-
not be attributed to differences in the prevalence of OA since
there is evidence that the prevalence of OA is similar among
these ethnic groups [11,12]. Potential sources of the dispari-
ties may include access to health care, physician bias, patient-
physician communication, and patient-level factors [13-18].
Studies on the ethnic disparity of joint replacement other than
in the US population are limited. Although the prevalence of
symptomatic hip and knee OA in Italy and Greece is similar to
that of other countries [19], there are some data to suggest
that Italian people in Italy have a low rate of joint replacements
[20].
Overseas migration has played a key role in shaping Australia
as one of the most culturally diverse nations in the world.
According to preliminary estimates for 2005, 24% of the Aus-
tralian population was born overseas [21]. After migrants from
the UK and New Zealand, those from Italy and Greece are
among the most common migrant groups [21] and accounted
for 1.1% and 0.6%, respectively, of the total Australian popu-
lation in the 2005 census [22]. Italian and Greek immigration
increased dramatically after World War II. Italian and Greek
migrants arrived at Australia in the largest numbers in the dec-
ades immediately following. World War II. They were among
the main groups targeted by Australian Government Migration
Schemes in the 1950s and 1960s to deal with labour short-
ages in Australia. To be accepted, individuals needed to be of
European ancestry, reasonably healthy, and without a criminal
record. Most of the immigrants who arrived in Australia in
those decades were unskilled and had little or no formal edu-
cation, and only a minority had higher levels of education. Most
migrants arriving in the 1950s were in their twenties. Thus,
people coming from Italy and Greece represent the older
migrant streams [22].
The aims of this study were to use the Melbourne Collabora-
tive Cohort Study (MCCS) to examine whether Australian-
born people and migrants to Australia from Italy or Greece had
different rates of primary joint replacement performed for OA
and to determine whether any differences could be accounted
for by socioeconomic factors and known risk factors for OA.
We hypothesize that Italian and Greek migrants to Australia
have a lower rate of joint replacement compared with Austral-
ian-born individuals and that this discrepancy is not explained
by differences in risk factors for OA or in education.
Materials and methods
The cohort
The MCCS is a prospective cohort study of 41,528 residents
(17,049 men) of Victoria, Australia, between 27 and 75 years
of age at baseline, 99.3% of whom were 40 to 69 years of age
[23]. Participants were recruited via electoral rolls (registration
to vote is compulsory for Australian adults), advertisements,
and community announcements in the local media (for exam-
ple, television, radio, and newspapers) between 1990 and
1994. Southern European migrants to Australia (including
5,425 from Italy and 4,535 from Greece) were deliberately
oversampled to extend the range of lifestyle exposures and to
increase genetic variation. The study protocol was approved
by the Human Research Ethics Committee of The Cancer
Council Victoria. Follow-up was conducted by record linkage
to electoral rolls, electronic phone books, the Victorian Cancer
Registry, and death records. To update lifestyle exposures, the
cohort was followed up with by mailed questionnaire and (as
necessary) by telephone from 1995 to 1998 (first follow-up)
and by face-to-face interviews from 2003 to 2007 (second fol-
low-up).
Melbourne Collaborative Cohort Study data
Demographic and anthropometric data
Extensive information was collected at baseline (1990 to
1994) in face-to-face interviews that included questionnaires
and physical measurements [23]. Demographic data, includ-
ing date of birth, country of birth, and education level, were col-
lected via questionnaire. Physical measurements, including
height and weight, were directly measured using standardized
written protocols [24]. Body mass index (BMI) (kilograms per
square metres) was calculated as weight (kilograms) divided
by the square of height (metres).
Physical functioning and self description of health status
At the first follow-up of the MCCS, physical functioning was
assessed by asking five questions: Did health problems limit
you in your everyday physical activity? Did pain interfere with
your normal work? Has your physical health or emotional prob-
lems interfered with your normal social activities? Have you
been bothered by emotional problems? Was it difficult doing
your daily work because of your physical health or emotional
problems? Self description of health status was assessed by
asking: In general, how would you describe your health?
Self-reported joint replacement
From 2003 onward, 28,046 study participants (68% of the
original MCCS participants) took part in the second follow-up.
The participants were asked questions about their first joint
replacement surgery: Have you ever had a hip replacement?
When did you have your first hip replacement? Have you ever
had a knee replacement? When did you have your first knee
replacement?Available online http://arthritis-research.com/content/11/3/R86
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Study participants
Of the 41,528 participants recruited, 2,505 (6.0%) were
excluded from analysis because they died or left Australia prior
to 1 January 2001 (n = 1,758), or had undergone a sex
change since baseline (n = 2), or had reported a primary joint
replacement prior to 1 January 2001 at the second follow-up
of the MCCS (n = 631) or their first recorded procedure was
a revision joint replacement as recorded in the Australian
Orthopaedic Association National Joint Replacement Registry
(AOA NJRR) (n = 114), thus leaving 39,023 participants eligi-
ble for analysis.
Identification of incident primary knee and hip joint 
replacement
All participants gave written consent allowing access to their
medical records. Cases were identified from the AOA NJRR.
The AOA NJRR commenced in 1999 and was introduced in a
staged state-by-state approach that was completed nationally
by mid-2002. Victorian data collection commenced in 2001.
The registry monitors the performance and outcome of both
hip and knee replacement surgery in Australia. It has detailed
information on the prostheses and surgical technique used
and the clinical situation used for both primary and revision
joint replacement [25]. By using detailed matching technol-
ogy, it is able to determine the success (or lack thereof) of the
joint replacement surgery. Although data collection for the reg-
istry is voluntary, it receives cooperation from all hospitals
undertaking joint replacement surgery [25].
The NJRR validates its data by using both internal systems and
external data sources. The most important external data
source is state health department data. Validation of registry
data against health department recorded data involves a
sequential multilevel matching process. Following the valida-
tion process and the retrieval of unreported records, the regis-
try collects the most complete set of data relating to hip and
knee replacement in Australia [4].
Identifying information of MCCS participants, including first
name, last name, date of birth, and gender, was provided to
the AOA NJRR in order to identify those MCCS participants
who had had a primary or revision joint replacement between
1 January 2001, when the registry began to collect Victorian
data, and 31 December 2005. The matching was performed
on these data provided using US Bureau of the Census
Record Linkage Software. Exact matches were identified and
probabilistic matches were reviewed. Among the 1,380
MCCS participants (corresponding to 1,655 NJRR proce-
dures) identified, 1,360 (98.6%) were exact matches. One
hundred eighty-five participants were matched on date of
birth, and 47 were matched on first name and last name. Infor-
mation on patient address was then used to investigate the
possible matches. The study was approved by the Human
Research Ethics Committee of The Cancer Council Victoria
and the Standing Committee on Ethics in Research Involving
Humans of Monash University.
Statistical analysis
Follow-up for primary joint replacement (that is, calculation of
person-time) began on 1 January 2001 and ended on the date
of first primary joint replacement for OA or the date of censor-
ing. Subjects were censored at the date of first primary joint
replacement performed for indications other than OA, the date
of death, the date they left Australia, or the end of follow-up
(that is, 31 December 2005, when ascertainment of joint
replacement by NJRR was complete), whichever came first.
The exposures of interest were country of birth (Australia, the
UK, Italy, and Greece), age, gender, BMI, education level
(either primary and some secondary or completed secondary
and degree/diploma), and physical functioning. For the five
individual physical functioning questions (scored from 1 for
'not at all' to 5 for 'extremely'), reliability analysis showed a
Cronbach alpha coefficient of 0.86, which indicated a good
internal consistency of these questions. Thus, the scores were
added to obtain a combined score of physical functioning for
each individual (ranging from 5 to 25). The physical function-
ing limitation was then collapsed into four categories: none
(score 5), mild (score 6–10), moderate (score 11–15), and
severe (score 16–25).
Cox proportional hazards regression models were used to
estimate the hazard ratios (HRs) of primary joint replacement
for OA associated with each of the above exposures. To esti-
mate HRs separately for the risk of joint replacement under-
taken in private and public hospitals associated with different
country of birth and to test for heterogeneity, Cox models
based on competing risks were fitted using a data duplication
method [26].
Tests based on Schoenfeld residuals and graphical methods
using Kaplan-Meier curves showed no evidence that propor-
tional hazard assumptions were violated for any of the expo-
sures. A P value of less than 0.05 (two-sided) was considered
statistically significant. All statistical analyses were performed
using Stata (Intercooled Stata 9.2 for Windows; StataCorp
LP, College Station, TX, USA).
Results
Descriptive characteristics of study population
A total of 1,009 primary joint replacements (541 knee replace-
ments and 468 hip replacements) performed for OA were
identified between 1 January 2001 and 31 December 2005.
Descriptive statistics of the study participants are shown in
Table 1. The participants born in Italy and Greece were less
likely to be women and had higher BMI, lower education, lower
self description of health status, and more severe physical
functioning limitation when compared with those born in Aus-
tralia. Participants born in the UK had characteristics similar toArthritis Research & Therapy    Vol 11 No 3    Wang et al.
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those of Australian-born participants except that the former
were less likely to be women.
The MCCS cohort had a reduced rate of primary joint replace-
ment compared with the population from Victoria (the Austral-
ian state from which the MCCS cohort was recruited) over this
time period. For knee and hip joint replacement restricted to
those 55 to 84 years old, the standardized incidence ratio was
0.80 (95% confidence interval [CI] 0.76 to 0.85). However,
the standardized incidence ratios were 0.96 (95% CI 0.90 to
1.02) for those born in Australia or the UK and 0.38 (95% CI
0.32 to 0.45) for those born in Italy or Greece when compared
with the Victorian population.
Incidence rates of primary joint replacement for 
osteoarthritis
The incidence rate of primary joint replacement for OA was 5.4
(95% CI 5.0 to 5.7) per 1,000 person-years for the whole
study population. Participants born in Italy or Greece had a
reduced incidence rate of primary joint replacement compared
with those born in Australia or the UK (2.7 [95% CI 2.3 to 3.2]
versus 6.2 [95% CI 5.8 to 6.6] per 1,000 person-years, P <
0.001). After adjustments for age, gender, BMI, and education
level were made, Italian- and Greek-born participants had
decreased rates of primary joint replacement (HR 0.39 [95%
CI 0.31 to 0.49] and 0.24 [95% CI 0.17 to 0.33], respectively,
all P < 0.001) for both primary hip and knee replacement when
compared with Australian-born participants. In contrast, partic-
ipants born in the UK had a similar rate of joint replacement
compared with Australian-born people (HR 0.90 [95% CI
0.71 to 1.15], P = 0.40) (Table 2). Self description of health
status was lower and physical functioning limitation was more
severe for those born in Italy or Greece (Table 1), and adding
these variables to the regression model had little effect on the
HR for primary joint replacement (HR 0.36 [95% CI 0.29 to
0.46], P < 0.001).
When the incidence rates of primary joint replacement per-
formed in private and public hospitals were examined sepa-
rately, Italian- and Greek-born participants had a reduced
Table 1
Characteristics of study population by country of birth
Italy-born
n = 5,083
Greece-born
n = 4,304
Australia-born
n = 26,789
UK-born
n = 2,847
Age when entering MCCS, years 56.2 ± 7.9 55.0 ± 7.6 54.7 ± 8.9 54.7 ± 8.5
Age when entering JR cohort, years 64.8 ± 8.1 63.5 ± 7.7 62.3 ± 9.1 61.6 ± 8.5
Womena 2,888 (56.8) 2,381 (55.3) 16,518 (61.7) 1,539 (54.1)
Body mass index, kg/m2 28.9 ± 4.3 28.9 ± 4.1 26.2 ± 4.3 26.4 ± 4.0
Educationa
Primary and some secondary 4,218 (84.8) 3,575 (85.4) 13,174 (49.2) 1,144 (40.3)
Completed secondary and degree/diploma 756 (15.2) 609 (14.6) 13,604 (50.8) 1,694 (59.7)
Self description of health statusa
Poor/Fair
Good/Very good/Excellent 1,211 (33.1)
2,444 (66.9)
837 (27.4)
2,214 (72.6)
2,960 (12.4)
20,929 (87.6)
333 (13.4)
2,151 (86.6)
Physical function limitationa
None (score = 5) 1,137 (31.8) 1,221 (41.0) 6,997 (29.9) 748 (30.8)
Mild (score 6–10) 1,659 (46.3) 1,073 (36.0) 11,825 (50.5) 1,221 (50.2)
Moderate (score 11–15) 551 (15.4) 416 (14.0) 2,963 (12.7) 303 (12.5)
Severe (score 16–25) 232 (6.5) 268 (9.0) 1,610 (6.9) 159 (6.5)
Any primary JRa 84 (1.7) 40 (0.9) 812 (3.0) 73 (2.6)
JR in private hospitalsa 42 (0.8) 10 (0.2) 658 (2.4) 50 (1.8)
JR in public hospitalsa 42 (0.8) 30 (0.7) 154 (0.6) 23 (0.8)
Primary hip JRa 39 (0.8) 14 (0.3) 383 (1.4) 32 (1.1)
Primary knee JRa 45 (0.9) 26 (0.6) 429 (1.6) 41 (1.4)
Values are reported as mean ± standard deviation or as anumber (percentage). JR, joint replacement; MCCS, Melbourne Collaborative Cohort 
Study.Available online http://arthritis-research.com/content/11/3/R86
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incidence rate of primary joint replacement undertaken in pri-
vate hospitals (1.1 [95% CI 0.9 to 1.5] versus 5.0 [95% CI 4.6
to 5.3] per 1,000 person-years, P < 0.001), but a similar rate
of primary joint replacement undertaken in public hospitals
(1.6 [95% CI 1.3 to 2.0] versus 1.2 [95% CI 1.1 to 1.4] per
1,000 person-years, P = 0.09), when compared with those
born in Australia or the UK. After adjustments for age, gender,
BMI, and education level were made, participants born in Italy
or Greece had a decreased rate of joint replacement under-
taken in private hospitals compared with those born in Aus-
tralia (HR 0.24 [95% CI 0.18 to 0.33] and 0.08 [95% CI 0.04
to 0.14], respectively, all P < 0.001), but a similar rate of joint
replacement undertaken in public hospitals (Table 3).
Discussion
In this prospective cohort study, participants born in Italy or
Greece had a significantly reduced rate of primary joint
replacement for OA compared with Australian- or UK-born
individuals, which was independent of age, gender, BMI, edu-
cation level, self description of health status, and physical
functioning. This was consistent when primary hip and knee
replacements were analysed separately. Moreover, the
reduced rate was observed for joint replacements performed
Table 2
Risk factors for primary joint (hip and knee) replacement for osteoarthritis
Primary joint replacement Primary hip replacement Primary knee replacement
Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value
Country of birth
Australia 1.00 (reference) - 1.00 (reference) - 1.00 (reference) -
UK 0.90 (0.71–1.15) 0.40 0.81 (0.57–1.17) 0.26 0.99 (0.72–1.36) 0.95
Italy 0.39 (0.31–0.49) < 0.001 0.45 (0.31–0.63) < 0.001 0.35 (0.25–0.48) < 0.001
Greece 0.24 (0.17–0.33) < 0.001 0.22 (0.13–0.38) < 0.001 0.25 (0.17–0.38) < 0.001
Italy/Greece combined 0.32 (0.26–0.39) < 0.001 0.35 (0.26–0.47) < 0.001 0.31 (0.24–0.40) < 0.001
Age per 1 year 1.08 (1.07–1.09) < 0.001 1.07 (1.06–1.09) < 0.001 1.08 (1.07–1.10) < 0.001
Body mass index per 1 kg/m2 1.10 (1.09–1.11) < 0.001 1.05 (1.03–1.07) < 0.001 1.13 (1.12–1.15) < 0.001
Gender (female vs. male) 1.08 (0.95–1.23) 0.25 1.06 (0.88–1.28) 0.55 1.08 (0.90–1.29) 0.42
Education
Primary and some secondary 1.00 (reference) - 1.00 (reference) - 1.00 (reference) -
Completed secondary and degree/
diploma
1.15 (1.01–1.32) 0.04 1.37 (1.13–1.66) 0.001 0.98 (0.81–1.18) 0.81
Values are mutually adjusted for age, gender, body mass index, country of birth, and education level. CI, confidence interval.
Table 3
Relationship between country of birth and rates of primary joint replacement in private and public hospitals
Primary joint replacement in private hospitals 
(n = 760)
Primary joint replacement in public hospitals 
(n = 249)
Heterogeneity of 
hazard ratiosa
Incidence rate (95% 
CI)b
Hazard ratio (95% 
CI)a
Incidence rate (95% 
CI)b
Hazard ratio (95% 
CI)a
P value
Australia 5.1 (4.7–5.5) 1.00 (reference) 1.2 (1.0–1.4) 1.00 (reference) -
UK 3.6 (2.8–4.8) 0.76 (0.57–1.01) 1.7 (1.1–2.5) 1.50 (0.97–2.32) 0.01
Italy 1.7 (1.3–2.3) 0.24 (0.18–0.33)c 1.7 (1.3–2.3) 0.99 (0.69–1.41) < 0.0001
Greece 0.5 (0.3–0.9) 0.08 (0.04–0.14)c 1.4 (1.0–2.1) 0.92 (0.61–1.39) < 0.0001
Italy/Greece 
combined
1.1 (0.9–1.5) 0.17 (0.13–0.23)c 1.6 (1.3–2.0) 0.96 (0.72–1.29) < 0.0001
aAdjusted for age, gender, body mass index, and education level. bPer 1,000 person-years. cStatistically significant, P < 0.001. CI, confidence 
interval.Arthritis Research & Therapy    Vol 11 No 3    Wang et al.
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in private hospitals, but not for joint replacements performed in
public hospitals.
The racial and ethnic disparity in the rates of joint replacement
has been well documented in the US. Although the disparity is
generally thought to be largely due to lack of access and to
social disadvantage, factors such as treatment preference,
patient perception, and sociocultural beliefs may also contrib-
ute [13-18]. For example, Caucasians are more likely to
undergo total knee and hip replacement compared with Afri-
can-Americans [5-10]. Total knee replacement rates among
Hispanics are higher than among African-Americans but are
lower than among Caucasians [7]. Hispanics with Medicare
receive total hip replacement at lower rates than non-Hispan-
ics [27]. We also observed ethnic disparity in joint replace-
ment rates in this cohort study. Although the prevalence of
symptomatic hip and knee OA in Italian and Greek people is
similar to that of other populations [19], we found a signifi-
cantly reduced rate of primary joint replacement among those
born in Italy and Greece compared with those born in Aus-
tralia, independent of age, gender, BMI, and educational level.
There are a number of possible explanations for the lower rate
of joint replacement for migrants from Italy and Greece. In our
study, Italian and Greek migrants had more severe physical
function limitation and worse self-described health status in
comparison with Australian-born people, suggesting that the
former may have higher or at least similar levels of need. How-
ever, they had lower rates of joint replacement than Australian-
born people. It is possible that the observed differences were
a result of inequalities in access to health care. This is sup-
ported by the difference in the rates of joint replacement per-
formed in private hospitals for those born in Italy or Greece,
each of which requires the patient to have private health insur-
ance or very substantial 'out of pocket' costs for this proce-
dure. This was more evident in the Greek migrants, who had
an HR of 0.08 for joint replacement performed in private hos-
pitals but an HR of 0.92 for joint replacement performed in
public hospitals when compared with Australian-born partici-
pants. Australia has a publicly funded universal health insur-
ance system (Medicare) and people who do not have private
health insurance have access to quality health care service
under this system. If the need for joint replacement were simi-
lar between Italian and Greek migrants and Australian-born
people and if differential access to health care were the only
explanation for the lower rate of joint replacement in Italian and
Greek migrants, we would expect that any unmet need may
have been reflected in a disproportionate increase in the rate
of joint replacement in the public hospital system for this
group. However, this was not observed in our study; the stand-
ardized incidence ratio in those born in Italy and Greece was
very low at 0.38 (95% CI 0.32 to 0.45) and they had a similar
rate of joint replacement performed in public hospitals com-
pared with Australian-born people. It does raise issues of
whether there are other patient-related factors that affect the
utilization of joint replacement in those with an Italian or Greek
background.
Another possible explanation for this ethnic disparity may
relate to health beliefs and preferences for treatment [15-
18,28]. A recent study showed that there were significant dif-
ferences in health-related beliefs, in particular in relation to
reduced perceived benefits of total joint replacements, and
more perceived barriers to total joint replacement for African-
Americans compared with Caucasians [29]. There are no data
available as to whether such barriers might exist in those of
Italian or Greek background and thus result in a reduced
access to joint replacement surgery. In addition, it may be that
differences in family support arrangements enable Italian and
Greek migrants to cope better with significant OA and either
avoid or delay the onset of joint replacement. We were unable
to examine these factors in this study. A language barrier for
Italian and Greek migrants may also provide a possible expla-
nation for the observed ethnic disparity for joint replacement.
There is evidence that language is a common barrier in health
care settings, affecting medical comprehension and increas-
ing the risk of adverse medication reactions [30-32]. Breaking
the language barrier is the critical first step to reduce health
care disparities [33]. It is likely that, due to a language barrier,
Italian and Greek migrants lack good communication with
health care providers, are less familiar with joint replacement
surgery, or have greater perception of risk and thus would not
prefer joint replacement as a treatment for severe OA.
A further potential explanation is that, although the OA preva-
lence in Italian and Greek people is similar to that in other pop-
ulations [19], it is possible that those born in Australia or the
UK have a higher rate of more severe or end-stage OA requir-
ing a joint replacement. It is possible that genetic or environ-
mental factors (such as diet) of the migrants from Italy and
Greece may confer a protective effect on the progression of
hip and knee OA, despite their relative obesity. For example,
the notion of the beneficial effects of the Mediterranean diet is
well described in the area of cardiovascular disease [34,35]
and recent work has suggested that diet, in particular
increased vitamin C and reduced fatty acids, has a beneficial
effect on joint health [36,37].
Strengths of our study include the large sample size and pro-
spective study design. Our results are further strengthened by
the prospectively collected demographic data and the directly
measured height and weight, which are more reliable than self-
reported data. However, there are a number of potential limita-
tions in this study. There may be a selection bias. The MCCS
is a healthy volunteer cohort with lower rates of mortality, car-
diovascular disease, and cancer compared with the general
population [23]. The participants are likely to be more health
conscious than the general population, as in most voluntary
cohort studies. Migrants to Australia from Italy and Greece
were deliberately oversampled to extend the range of lifestyleAvailable online http://arthritis-research.com/content/11/3/R86
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exposures and to increase genetic variation, making the
MCCS a heterogeneous cohort. Greek and Italian migrants
are likely to be different from the home population in terms of
health status and socioeconomic status. In particular, there is
likely to be a 'healthy migrant effect' resulting from a self-selec-
tion process that includes people who are willing to migrate
and excludes those who are sick or disabled. Most of the immi-
grants who arrived in Australia during the decades after World
War II were unskilled and had little or no formal education, and
only a minority had higher levels of education. However, repre-
sentativeness is not necessary for the estimation of associa-
tions between exposures and subsequent health outcomes
with a high degree of internal validity, but we cannot use the
MCCS to derive population estimates of disease prevalence
and incidence. There is no selection bias in terms of ascertain-
ment of joint replacement since the identification of joint
replacement is based on linkage to the AOA NJRR, which has
very comprehensive coverage in Australia.
The recruitment of MCCS participants and data collection
commenced in 1990 to 1994. The NJRR started joint replace-
ment data collection in Victoria in 2001. Thus, we do not have
complete and reliable joint replacement data for the study pop-
ulation prior to 2001. Although we excluded those MCCS par-
ticipants who reported a joint replacement prior to 2001 at the
second follow-up, this information may be unreliable and is
known for only 68% of the original cohort. As a result, some
misclassification of joint replacement status may have
occurred, although it is likely to have been nondifferential in
relation to the studied risk factors, subsequently underestimat-
ing the strength of any observed associations. In addition, par-
ticipants born in Australia or the UK had a joint replacement
incidence similar to the general Australian population over the
same time period.
Conclusions
People born in Italy or Greece had a lower rate of primary joint
replacement in this cohort study compared with those born in
Australia, and this difference could not be explained merely by
factors such as education level, physical functioning, and
weight. Although access to health care may play a role, it may
be that social factors and preferences regarding treatment or
different rates of progression to end-stage OA in this popula-
tion are important. This warrants further investigation since it is
unclear whether efforts aimed at education regarding potential
benefits of joint replacement are needed to deal with this dif-
ference, or alternatively, it may be that genetic or lifestyle fac-
tors in the Italian or Greek population identify novel factors that
prevent progression to end-stage OA despite their relative
obesity.
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